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See Your Future
[hrough the Eyes
of a Robot

Lisa Dickson does! She's helping
GE create tomorrow's robot sys-
tems. With “smart” robots that can
actually see, touch, and sense heat
or cold. "Adaptive” robots that can
measure how well they're doing a
job, or reprogram themselves in
moments to take on new
assignments.
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Sound like sci fi? It's as close as
your first career move. Because at
GE, we're already using robots like
these, for jobs that require decision
as much as precision.

When GE adds vision capability to
lasers and off line programming,
robotics takes a giant leap forward
Just on the horizon are GE sight-
equipped robots that guide
themselves through intricate laser
welding. What next? Tactile sensor
pads to enhance GE robots with
super-human dexterity. And
computer brains for “trouble-
shooting " robots whose thought
processes come close to human
intuition!

General Electric is an equal opportunity employer

If you're fascinated by robotics, the
new frontier is happening at GE
We not only design, build and sell
robotic systems — we're using them
in bold, new ways. Robots

integral part of GE manufacturing
processes, for everything from
lightbulbs to locomotives

So consider your future through
eyes of today's most exciting
technologies. If you're that rare
individual whose excellence is
driven by the power of imagination,
youll find room with a view at GE

QB A registered trademark of General Electric Company

If you can dream It,
you can do it



SCIENCE_~SCOPE*

The feasibility of turning sea water into electricity is being studied in fusion energy experiments at
Kyoto University in Japan. The studies involve a Hughes Aircraft Company gyrotron, a microwave tube
that uses a spiraling stream of electrons to produce extremely high power microwave frequencies.
Fusion energy holds tremendous potential because its source of fuel (hydrogen) can be extracted from
sea water. It could produce large amounts of power with little or no radioactive waste and no threat of
meltdown or explosion. In fusion energy research, the gyrotron’s high-power radio waves heat hydrogen
particles (plasma) to temperatures of tens of millions of degrees. These particles fuse under pressure,
causing a thermonuclear reaction that provides energy for driving steam turbines.

A new technique may expand the use of lasers in commercial and military applications. The approach,
called optical phase conjugation, is considered a major advance in optics because it offers a solution to
distortion problems that have limited the use of lasers. When a laser beam passes through a turbulent
atmosphere or a severely strained optical component, the beam is distorted and the information it
carries is degraded. The Hughes technique, however, forces the laser to retrace its path through the
distorting medium so the beam emerges free of distortion. The method eliminates the need for complex
electro-optical and mechanical components to correct the distortions.

A MIDAS touch will create the factory of the future by introducing computer technology throughout
one Hughes manufacturing division. The new Manufacturing Information Distribution and Acquisition
System (MIDAS) is a flexible, high-speed data communication network. It will transmit and gather
millions of bits of data per day by linking computer terminals, laser printers, bar-code scanners, and
other equipment. MIDAS will serve graphic workstations and facilitate paperless planning. Similarly, it
will relay numerical-control programs from main computers to machines in the factory, eliminating the
need for paper tape. MIDAS will let all users share important peripherals, such as a laser printer, which
now is impossible due to the incompatibility of equipment from different manufacturers.

NASA'’s Project Galileo, which will explore the planet Jupiter later this decade, must arrive at a precise
angle if it is to carry out its measurements of the chemical composition and physical state of the Jovian
atmosphere. The Hughes-built probe will arrive at 107000 miles per hour, fast enough to travel
between Los Angeles and Las Vegas in nine seconds. If the probe hits at too shallow an angle, it will
skip off into space; too steep, it will be reduced to ashes. Even at the proper angle, the probe will
encounter extremes never before faced by spacecraft. In less than two minutes, much of the forward
heat shield will be eroded by temperatures of thousands of degrees. With atmospheric entry forces
reaching 360 times the gravitational pull of Earth, the 742-pound probe will take on a weight equal to
an empty DC-10 jetliner. Project Galileo is scheduled to be launched from the space shuttle in May
1986 and to arrive at Jupiter in August 1988.

Hughes needs graduates with degrees in EE, ME, physics, computer science, and electronics
technology. To find out how to become involved in any one of the 1,500 high-technology projects,
ranging from submicron microelectronics to advanced large-scale electronics systems, contact
Corporate College Relations Office, Hughes Aircraft Company, Dept. C2/B178-SS, P.O. Box 1042, El
Segundo, CA 90245. Equal opportunity employer. U.S. citizenship required.

For more information write to: PO. Box 45068, Dept. 9186, Los Angeles, CA 90045-0068

© 1985 Hughes Aircraft Company
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FIRST LINE

Transitions

We begin the issue with reports of a loss
and of a gain. The loss is that of Professor
David J. Rose of M.I.T., a long-time friend
and advocate, who died on October 24.
The gain is that of Jonathan Schlefer, who
is now the Review’s managing editor.
For more than a decade, despite inroads
of emphysema, Professor Rose was an en-
thusiastic member of Technology Re-
view’s Advisory Board and an ever-willing
counsel to its editors. He pursued with
what his faculty colleagues characterize as
“enormous dedication™ his sense of the
fundamental indivisibility of problems
such as energy and the environment, and
he showed that our society’s institutions
have only limited ability to address holistic
issues of this kind. Readers of Technology
Review have gained immensely from his
contributions, both to our pages and to
the editors’ understanding of issues that
he addressed with so much passion.
Jonathan Schlefer
brought an unusual
background when
he joined the staff in
1982—an under-
graduate degree in
Greek literature and
mathematics, a
graduate degree in
architecture, and
considerable writ-
ing experience—in-
cluding Boston’s
Real Paper, the Bos-

- g2

]. Schiefer

ton Globe, and freelance contributions to
Technology Review. We have discovered
since then his lively sense of how a mag-
azine should work and his great insight
into the issues that motivate Technology
Review. His contributions continue to be
perceptive, his enthusiasm and commit-
ment unlimited.

UPS AND DOWNS IN SPACE

It is nearly 30 years since the flight of Sput-
nik electrified the United States into a new
concern for its progress in science and
technology. Today when we think about
technological competition, we focus on
what we see not in the skies but in our
homes—appliances, television, automo-
biles, and even computers made overseas.
We tend to take for granted the achieve-
ments of space science, and even the shut-
tle. Indeed, most of us have hardly noticed
how much is to happen in space in 1986,
and how little is scheduled to happen
thereafter—the message of Robert C.
Cowen in this issue (p. 12). Gary L. Ben-
nett provides some detail on the first of
several ‘‘space spectaculars” to occur this
coming year (p. 80): Voyager 2’s close en-
counter with Uranus late in January.

The year 1986 could also see a first at-
tack on space pollution, a problem that
has precedents in every terrestrial envi-
ronment. For a novel and controversial
proposal, see our forum contribution by
Professor Joel Scheraga of Rutgers Uni-
versity (page 18).—John Mattill

LETTERS

STRATEGIC METALS

FROM SOUTH AFRICA

In “How Critical Are Critical Materials?’
(August/September, page 38), Joel Clark
and Frank Field give prominent mention
to the recent report of the Office of Tech-
nology Assessment (OTA) on that subject.
However, the article implies that OTA
supports closer ties to nations such as
South Africa that now supply much of the
world’s strategic metals. To the contrary,
OTA has urged a mixture of materials sub-
stitution, conservation, and diversification
of supply to reduce dependence on any one
nation. For example, increased use of Aus-

’

tralian manganese could reduce depen-
dence on South Africa.
Technology Review readers may obtain
a copy of the 56-page summary of the
OTA report by writing the Publications
Office, Office of Technology Assessment,
Washington, D.C. 20510. Copies of the
full report are available for $17 from the
U.S. Government Printing Office (GPO
stock number 052-003-00979-0).
LANCE N. ANTRIM
Washington, D.C.
Lance N. Antrim was project director of
the Office of Technology Assessment re-
port on strategic materials.
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“How Ceritical Are Critical Materials?” in-
cludes excellent analysis, obviously based
on thorough research. The one flaw be-
came evident to me when I heard former
Defense Secretary Robert McNamara re-
fer to the article on TV’s “Crossfire.”
McNamara suggested that the authors
said we don’t need the minerals of South
Africa. The table of contents, the lead-in
summary on page 38, and the first two
pages of text could well lead one to reach
such a conclusion.

But a more thorough reading of the ar-
ticle reveals the authors’ concern that the
loss of South African minerals to the So-
viets could lead to various unpleasant out-
comes. For instance, Clark and Field point
out that switching to other available ma-
terials would involve a long wait, and that
developing new materials would require
extensive R&D.

ROY RAYLE
San Antonio, Tex.

RADIOLOGICAL WEAPONS

In “Oppenheimer and the Radioactive
Poison Plan” (May/June, page 14), Barton
Bernstein seems to imply that because ra-
diological warfare schemes ‘“‘foundered”
or were “‘not substantially pursued” dur-
ing World War II, they were not pursued
at all. The reader could end by believing
that wise, moral officials quashed these
“magnificent examples of military mad-
ness.” Bernstein is obviously unaware of
Lee Bowen’s A History of the Air Force
Atomic Energy Program.

Bowen indicates that in August 1946
Major General Curtis E. LeMay, then dep-
uty chief of air staff for research and de-
velopment, formally suggested that
radioactive fission products be studied for
possible use in offensive warfare. This idea
appealed to the joint chiefs, the Research
and Development Board, the Atomic En-
ergy Commission, the Military Liaison
Committee, and the Armed Forces Special
Weapons Project (AFSWP). As a result, the
AFSWP established a Radiological War-
fare Study Group in February 1948.

In October 1949, the Army Chemical
Corps began testing prototype weapons.
Air force B-29s dropped four 2,000-pound
bombs, presumably filled with radioactive
material, near Wendover Air Force Base.
The results of the bomb tests indicated
that radiological weapons were less effec-
tive than surface-burst fission bombs for
contaminating large areas. A Rand Corp.
study in September 1950 reached a similar

conclusion. As a result, research on ra-
diological weapons was reduced but not
eliminated.

The reason classical radiological weap-
ons never entered the stockpile had
nothing to do with moral repugnance.
Rather, researchers found that atomic and
hydrogen weapons were more efficient.

THOMAS B. COCHRAN
ROBERT S. NORRIS
Washington D.C.

The author responds:
I am pleased that my article spurred read-
ers Cochran and Norris to summarize
Bowen’s account of chapter on early post-
war radiological-warfare plans. However,
I am puzzled by their assumption that I
didn’t know of Bowen’s work. I first
sought to have Bowen’s volume declassi-
fied in 1978 and have used it in my re-
search and writing. Chances are Cochran
and Norris would not have access to the
volume if I and some other scholars had
not pushed to make it publicly available.
I have also stepped up efforts to secure
other records on the history of radiological
warfare. Important questions about the
role of the weapons labs, the efforts of
physicists and physicians, the goals of the
military services, and other moral issues
regarding this effort remain unanswered.
The quest for radiological warfare did not
end in 1945 but continued well into the
Cold War. In fact, if thermonuclear weap-
ons detonated at low altitudes are consid-
ered radiological weapons, we clearly still
live with this spectre.

ANTITRUST AND

COOPERATIVE RESEARCH

I take exception to Lawrence J. White’s
account of the Hydrolevel antitrust suit
against the American Society of Mechan-
ical Engineers (ASME), which was decided
against ASME by the Supreme Court. (See
“Clearing the Legal Path to Cooperative
Research,” July, page 38.)

I became executive director of ASME
shortly after the event that led to the lit-
igation. This event did not involve coop-
erative research in any way. It did not
involve any of the officers of the society,
but it did involve the former chairman of
one of the committees of the society.
ASME did not disparage the Hydrolevel
device and does not issue product stan-
dards. However, ASME does provide per-
formance standards. Also, ASME does not
Continued on page 17
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ROBERT C. COWEN

Will 1986 Be NASA’s
Last Big Year in Space?

orR NASA officials, September 11

was one of their agency’s prouder

moments. That was the day the In-
ternational Comet Explorer (ICE) went
through the tail of the comet Giacobini-
Zinner. Because of budget cuts, NASA has
no spacecraft in the international fleet now
heading for Halley’s comet. But by using
ingenuity instead of money, NASA man-
aged to make the first direct probe of a
comet after all. Controllers at Goddard
Space Flight Center used orbital manuev-
ering rockets and slingshot-like boosts
from the gravity of the moon to divert an
aging Earth satellite, renamed ICE, into
the comet’s path.

NASA officials anticipate more such
proud moments in 1986, which they char-
acterize as a “‘year of intense space science
activity.” The agenda includes the first
flight of Voyager II past Uranus on Jan-
uary 24, a journey that will provide hu-
manity’s first close look at that distant
planet (see page 73). In May the Galileo-
Jupiter mission will launch a spacecraft to
study the giant planet from orbit and dis-
patch a probe into the Jovian atmosphere.
The Hubble Space Telescope, which will
provide the sharpest, clearest view of the
cosmos ever, will begin its Earth orbit in
August. And, of course, the space shuttles
will continue ferrying important scientific
experiments to and from outer space. Al-
though these achievements are expected to
come to fruition in 1986, they represent
commitments made in happier budget
years in the mid-1970s.

Unfortunately, leaner times prevail to-
day. The current administration is under
enormous pressure to cut the nation’s
budget deficit, and NASA is feeling the
pinch. NASA officials have already de-
cided not to include funds for the first di-
rect rendezvous with an asteroid in the
fiscal 1987 budget request. Because that
$20 million mission was part of a carefully
timed plan for planetary exploration,
NASA’s decision leaves many scientists
skeptical of the agency’s ability to carry
through on long-term plans.

NASA felt it had to scrap the on-site
asteroid survey to save funds for inter-

ROBERT C. COWEN IS
SCIENCE EDITOR OF
THE CHRISTIAN SCIENCE
MONITOR AND FORMER
PRESIDENT OF THE NA-
TIONAL ASSOCIATION
OF SCIENCE WRITERS.
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space scientists
may face leaner budgets and
fewer mussions for some
time to come.

national space ventures that had been cut
from previous budgets. For instance, Eu-
rope, Japan, and the United States are
jointly sponsoring the International Solar
Terrestrial Physics (ISTP) mission. A fleet
of ISTP spacecraft will make a detailed
study of the sun’s energy output and the
solar winds and their effect on Earth. The
United States is also cooperating with
France in an effort to orbit a satellite
known as TOPEX, which will measure the
topography of the ocean surface. This mis-
sion could furnish fundamental informa-
tion about ocean circulation, a key factor
in the Earth’s climate.

Both programs had been included as
new “‘starts” in last year’s budget request,
and both were deleted when congressional
deficit-cutting measures mandated that the
agency not begin any new programs.
Hence, these programs top NASA’s list of
priorities. Furthermore, NASA does not
want to reinforce its reputation for back-
ing out of international ventures. NASA
is now planning to include funds for the
ISTP in its 1987 budget request.

The European scientific community still
hasn’t forgotten the first time NASA re-
neged on a joint venture with the Euro-
pean Space Agency (ESA). NASA had
agreed to supply one of two probes that
would orbit over the poles of the sun, ex-
ploring the star’s powerful effect on the
Earth’s magnetic forces. But NASA had to
cut funding for its probe in 1981—a uni-
lateral act that embittered ESA. Fortu-
nately, the agency appears to have
forgiven the United States and is proceed-
ing happily with the launching of the Ulys-
ses, as the single solar spacecraft is now
called.

Nevertheless, our foreign partners’ un-
certainty about NASA’s financial future
could cloud other international ventures,
including the permanent manned space
station slated for completion in 1992. And
even though NASA is clearly backing the
TOPEX and ISTP missions, there is no
guarantee that they will survive the
budget-cutting process next spring.

Our European partners are also con-
cerned about the U.S. military’s involve-
ment in NASA’s shuttle program. NASA
has agreed not to use the ESA-supplied
Spacelab for any military purposes aboard
the shuttle. The Strategic Defense Initia-
tive Organization is planning to put sev-
eral experiments aboard Spacelab, but the
NASA/ESA agreement stipulates that they
must be restricted to open, basic-research
projects not directly related to weapons
development. Only good behavior on the
part of the United States in upholding its
international agreements and maintaining
a strong civilian space program will allay
the Europeans’ concerns.

NASA’s budget has been running some-
what under $8 billion. Given the drive to
hold down federal expenses, it is likely to
remain in that range. Moreover, the space
station will undoubtedly claim a growing
share. Under these circumstances, it is
hard to envision any major infusion of
new money for space science.

Thus, 1986 may well be our last year
of “intense space science activity” for an
indefinite time. American space scientists
must live with this fact of fiscal life. Their
best hope for maintaining a broad range
of scientific activity may well lie in partic-
ipating in European, Soviet, and even Jap-
anese space research. Europe and Japan
are maturing as space-faring nations.
Americans, who have long played host to
space scientists of other countries, can
profit by becoming their guests. []

ILLUSTRATION: PAUL MOCK
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MARSHALL |. GOLDMAN

Why the Soviets Couldn’t
Walk Out—This Time

NE of the most remarkable aspects

of the Geneva summit conference

was that it took place at all. If
some of President Reagan’s advisors in the
Department of Defense (DOD) had had
their way, the meeting probably would
have been canceled. As these advisors see
it, such talks tend to put inordinate pres-
sure on the United States to make conces-
sions because public opinion plays a much
more important role here than in the So-
viet Union. And in the euphoria surround-
ing even a modest agreement, these
advisors fear that Congress will lose all
interest in sustaining high military ex-
penditures.

But skepticism about summit meetings
is not limited to the United States. Many
Soviet specialists also opposed the meeting
with Reagan, although not necessarily for
the same reasons. They were opposed be-
cause of what they viewed as his openly
expressed animosity toward the Soviet
Union and his intransigence on arms-con-
trol issues. They were concerned that such
a meeting would humiliate Soviet leaders.

These Soviet advisors remembered what
happened when then-General Secretary
Yuri Andropov warned that the Soviet
Union would walk out of the Geneva arms
talks in 1983 if the United States installed
Pershing Il missiles in Western Europe. We
did install the missiles and Andropov did
walk out. The advisors also remember that
the Soviet Union had recently warned that
it would not resume discussions if Reagan
persisted with the Strategic Defense Initi-
ative, or Star Wars program. Given the
unwillingness of the U.S. president to alter
his course, many Soviet officials were
doubtful the summit would even take
place. Their pessimism increased as Gen-
eral Secretary Mikhail Gorbachev offered
up one seemingly new arms proposal after
another, only to have Reagan reject most
of them before the summit.

Yet in the end the two sides were able
to agree on a surprisingly large number of
issues. The minor agreements to renew
cultural and consular exchanges are not
that important except as a way of clearing
the air. The decision to allow Pan Am and

MARSHALL I. GOLDMAN IS
PROFESSOR OF ECONOM-
ICS AT WELLESLEY COL-
LEGE AND ASSOCIATE
DIRECTOR OF THE RUS-
SIAN RESEARCH CENTER
AT HARVARD UNIVERSITY.
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Aeroflot to resume direct flights between
the two countries is also a step in that
direction.

Of more importance, however, is the
agreement of the two leaders to meet again
in the coming year—this time in Wash-
ington. Both sides also agreed to continue
talks toward banning chemical weapons.
If such talks prove fruitful, they could
mean the demise of the Pentagon’s con-
troversial plan to build new binary, or
two-stage, chemical weapons to replace
our aging stockpile of unitary munitions.
Both sides also agreed in principle to limit
the number of missiles in different cate-
gories. However, the specific reductions
for each category of missile catrier remain
to be worked out.

Despite such gains, neither leader
achieved a significant breakthrough on
any major issues. The Soviets remain upset
over Star Wars, and we are not happy
about their treatment of Soviet dissidents

ad their failure to withdraw from Afghan-
istan. Nonetheless, the meeting was a good
beginning.

A Change of Heart

Yet even that modest success came as a
surprise to many observers, who never ex-
pected both sides to narrow their differ-
ences as much as they did. After all, the
months preceding the summit had been
poisoned by a atmosphere of animosity
and suspicion. But as many Soviet and
American observers had already figured
out, Reagan’s actual negotiating stance
was a lot more practical than his Soviet-
bashing rhetoric had led the American
public to believe. But what explains the
apparent change of heart by the Soviet
leadership?

Without access to the closely guarded
minutes of the Politburo meetings, we can
only guess about the Soviets’ motives.
However, it does appear that Soviet lead-
ers want desperately to restrain the arms
race and prevent the United States from
embarking on its Star Wars effort. They
fear American technology and worry that
the United States, if unrestrained, will
achieve some major breakthrough rele-
gating the Soviet Union to inferior military
status. In many ways they have more faith
in our technology than we do.

Both civilian and military Soviet leaders
have come to appreciate the fact that So-
viet technological development is not what
it should be. The Soviet Union has more
engineers than any other country in the
world, but it doesn’t seem to be able to
keep up technologically with its Western
counterparts. | do not mean to denigrate
some impressive accomplishments of So-
viet science, especially in space. Indeed, the
Soviets have translated their abilities in en-
gineering and science into a very potent
military capability. In the past, they have
always seemed to pull abreast, and in some
cases even ahead, of the United States in
weapons systems, even though they may
take longer to develop the weaponry and
it may be somewhat more primitive.

However, even Pentagon officials con-
cede that American technology is moving
at such a rapid pace that the Soviet Union
may be falling behind. And the Soviets
cannot necessarily use stolen techriology
to narrow this gap. In an official DOD
study warning about the massive Soviet
effort to steal our technology, defense of-
ficials acknowledge that ““the USSR’s prac-
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tice of reverse engineering . .. may soon
run into problems.” As U.S. and Japanese
integrated circuits become more complex,
the report says, Soviet efforts to copy such
circuits “‘will require not only much more
sophisticated Western equipment but also
much more time . . . causing their overall
microelectronics gap with the West to
widen.”

Soviets Must Revamp Their Economy

Senior Soviet military officials realize that
the failure of the Soviet Union to keep up
in the technology race has serious military
implications. In a remarkably candid in-
terview in May 1984—undoubtedly a ma-
jor reason for his dismissal a few months
later—Military Chief of Staff Nikolai
Ogarkov warned that “‘the rapid devel-
opment of science and technology in re-
cent years will shortly make possible even
more destructive and until now unknown
types of weapons based on new physical
principles. Work on these new types of

weapons is under way in a number of
countries—the United States, for exam-
ple.” From the context of his statement,
it seems clear that Ogarkov does not in-
clude the Soviet Union in the “number of
countries.” This is not to deny that Soviet
scientists are actively pursuing new mili-
tary technologies. However, in Ogarkov’s
view at least, Soviet scientists have had
trouble keeping up with the extremely fast
pace of progress in higher technologies.
Negotiating an arms-control agreement
that would halt or even slow development
of U.S. military technology would be an
important achievement for the Soviet
Union. In addition to giving his military
some breathing space, Gorbachev seems
determined to revamp the Soviet economy
and restrain the military’s access to Soviet
economic resources. He seems to feel
strongly that the Soviet Union must make
its economy more innovative, productive,
and efficient to keep up with technological
developments in the West and Japan. Fail-
ure to reform the economy at this juncture

would have serious military as well as eco-
nomic implications for the Soviet Union.

If nothing else, Gorbachev had to gain
at least a standoff at Geneva. Without
that, his generals would undoubtedly in-
sist on commandeering an even greater
share of the country’s resources.

The Soviet chief faces a dilemma. As
important as military might is to him, he
must nonetheless rein in the more unres-
trained members of his military-industrial
complex. In the long run, Gorbachev
probably would agree with Frederick En-
gels, who said that “nothing is as depend-
ent on economic conditions as an army
and navy. Armaments, personnel organi-
zation, tactics, and strategy depend above
all on the stage of production achieved at
the given moment and on the means of
communication.”

Thus, to be strong, it looks as if the
Soviet Union must restrain itself, at least
for now. As much as anything else, that
may explain the modest accomplishments
at Geneva last fall. [J

MEDICAL DIRECTOR AND DEPARTMENT HEAD

The Massachusetts Institute of Technology invites nominations
and applications for the position of Medical Director and Head
of the MIT Medical Department. The Department provides
comprehensive health services to the MIT community (faculty,
staff, students, and their families) through the operation of a
licensed, JCAH-accredited, 125,000-visit outpatient and 18-bed
inpatient facility, an HMO, and an environmental medical
service.

As Department Head, the Medical Director is responsible for
the quality of medical care in the MIT community and serves
as advisor to the president of MIT on all health-related matters.
The Medical Director is also responsible for environmental health
programs in a complex, research-oriented campus community.
The Medical Director is a member of a governing board which
serves as a board of directors for the Department within the
university structure.

The active medical staff of the Department consists of 20 full-
time and 17 part-time physicians who are either Board qualified
or Board certified, including internists, general surgeons,
obstetrician/gynecologists, ophthalmologists, orthopedists,
pediatricians, and psychiatrists. In addition, there are 39 part-
time associate staff members in the specialty fields of allergy,
dermatology, neurology, otolaryngology, pathology, radiology,

and urology. The Department also has a Social Work Service
with 3 full-time social workers, and a Dental Service with 2 full-
time dentists and 4 part-time dental specialists. The Nursing
Service includes nurse practitioners, physician assistants, and
inpatient staff nurses. Psychologists, a sociologist, and optom-
etrists are also on the staff. The Environmental Medical Service
is staffed by 17 professionals from various scientific fields.

Candidates for the position should be Board certified physicians
and must have a demonstrated record of clinical experience
and proven leadership qualities. Strong communication and
interpersonal skills are essential. Familiarity with an academic
environment is desirable.

Letters of application accompanied by two copies of curriculum
vitae and names of at least three current references should be
sent to:

Advisory Committee on the
Medical Director Search

Attn: Ms. Kathleen L. Marshall
MIT Room 3-209

77 Massachusetts Avenue
Cambridge, MA 02139

MIT is an equal opportunity/ affirmative action employer.
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BY JOEL D. SCHERAGA

Curbing Pollution in Outer Space

WO years ago, a piece of cosmic

junk smashed into the windshield

of the space shuttle Challenger.
Fortunately, the fast-moving fragment
only pitted the glass. A larger object might
have crashed through, killing or injuring
the Challenger’s crew members. During
the Skylab scare in 1979, the 85-ton space-
craft plummeted to Earth and scattered
large chunks of debris across areas in Aus-
tralia that, fortunately, were not densely
populated.

The amount of useless and potentially
dangerous debris in outer space is rapidly
becoming a major international problem.
Between 10,000 and 15,000 objects have
already been discarded in orbit, including
dead satellites, spent fuel boosters, and
garbage jettisoned from spacecraft. Sev-
eral million metal fragments from exper-
iments and explosions in space (including
anti-satellite tests) also drift in various or-

JOEL D. SCHERAGA is assistant professor of

economics at Rutgers University and a visiting
assistant professor at Princeton University. He
worked at the Jet Propulsion Laboratory in Pas-
adena, Calif., for two summers and writes on
the economic problems of colonizing space and
the use of geosynchronous satellites.
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bits up to several hundred miles above
Earth. These small metal fragments travel
at 17,500 miles per hour and can cause
serious damage if they collide with a
manned spacecraft or satellite. The pol-
lution problem is becoming so serious that
the American Institute of Aeronautics and
Astronautics predicted in 1981 that the
risks posed by debris will make space un-
acceptable for human use within a decade.

Property Rights in Space

At present, we have no way of tackling
this growing menace because there are few
international laws governing activities in
space. Unlike the ocean, where disasters
are governed by international maritime
law, space is a legal wasteland where
countries have no property rights and few
legal responsibilities. If, for instance, the
United States conducts a laser test that
scatters metal fragments in a near-Earth
orbit, our government cannot be held re-
sponsible should those fragments damage
another country’s satellite. Only by clearly
establishing property rights in outer space
can this problem be resolved.

Pollution in outer space is only going to
get worse. Commercial launch services

y

cheaper than those available during the
1960s and 1970s have made it easier for
other countries to establish a presence in
space. Virtually anyone can now place a
satellite or experiment package in orbit.
National governments and large corpo-
rations are particularly anxious to launch
geosynchronous communications satel-
lites because they can transmit a contin-
uous flow of information between any two
points within their range.

NASA’s space shuttle and the European
Space Agency’s Ariane rocket are already
competing for public and private cus-
tomers. Japan, China, and India have all
built and successfully launched rockets.
France is working on its own mini-shuttle,
and the British are developing a space tug.
Even private firms such as OTRAG, a Ger-
man firm, and Space Services, Inc., a U.S.
company, have begun to build and market
their own rocket systems.

With these new ventures, and the U.S.
decision to go forward with anti-satellite
tests, the amount of debris in space will
only multiply. The United States has often
dumped trash in space by accident and
indifference. However, unlike the Soviet
Union, it did not deliberately smash its
own spacecraft for military testing pur-
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Pollution may make

outer space unacceptable for human use

within a decade.

poses—until recently.

As Challenger’s experience showed,
space debris puts the lives of astronauts in
jeopardy every time they enter space.
Space debris also threatens to interfere
with the performance of scientific exper-
iments or even to accidentally destroy
them. Radio astronomers had to grapple
with this problem as early as 1963, when
the U.S. Air Force conducted Project West
Ford. The military launched small needles
into an orbit 2,300 miles high to act as
passive reflectors and experimental radio
transmitters. Astronomers were concerned
that the needles would interfere with their
observations. Many of these needles are
undoubtedly still in orbit, and radio as-
tronomers must take them into account
when designing their experiments.

Large objects that accidentally reenter
the Earth’s atmosphere also endanger both
lives and property. Space debris in near-
Earth orbits does not remain aloft forever.
Because of perturbations from the Earth’s
gravitational field and pressure from solar
radiation (or ‘“‘solar wind”), its orbit
slowly decays. Although friction causes
most objects to burn up when they reenter
the upper atmosphere, larger objects may
reach the Earth’s surface. That is precisely
what happened to Skylab: unforeseen at-
mospheric bulges produced by solar
storms caused it to hurtle to Earth before
NASA could devise a way of boosting it
into a higher, more stable orbit.

A Radiation Threat

Nuclear-powered satellites that orbit at
low altitudes pose an even more serious
threat to the earthbound population.
While most U.S. satellites are solar pow-
ered, some Soviet satellites contain small
nuclear power plants. These power units
are sealed in heavy containers unlikely to
completely disintegrate when they reenter
into the atmosphere. Hence, they could
contaminate the Earth’s surface.

Cosmos 954, a nuclear-powered Soviet
spy satellite that crashed into the Cana-
dian wilderness in 1978, dramatically
demonstrated this fact. The Soviets were
reluctant to help track the satellite and
locate its fragments, undoubtedly because
of its sensitive military nature. The Ca-
nadian government eventually retrieved
the radioactive debris from the satellite
after an expensive cleanup effort over a
large area.

The international community has made

a limited effort to resolve the pollution
problem under the auspices of the United
Nations. The two superpowers, other in-
dustrialized countries, and Third World
nations that attended the International
Convention on Registration of Objects
Launched into Outer Space drew up some
agreements. These require that all coun-
tries register satellite launchings with the
U.N., and that they report identifying fea-
tures and general functions of their sat-
ellites along with data about their orbits.
This information is useful to other coun-
tries launching satellites into coincident
orbits, and it also alleviates the problem
of confusing harmless satellites with space
weapons or missiles. Also, countries that
attended the 1972 Convention on Inter-
national Liability for Damage Caused by
Space Objects agreed to pay for any dam-
ages caused to any person or property by
a space vehicle that inadvertently reenters
the atmosphere.

Unfortunately, these agreements are
unenforceable—as the crash of Cosmos
954 showed. Not only were the Soviets
reluctant to help track the satellite as it
reentered the earth’s atmosphere, but they
initially refused to pay for any of the re-
trieval or damage costs caused by its crash.
They later paid one-fifth of the cleanup
Costs.

Private Property in Space

All this pollution results from the failure
to establish property rights in space. Be-
cause no one owns locations in space, the
cost to any nation or commercial user of
occupying and polluting a section of space
is zero. Assigning property rights to coun-
tries would make them responsible for any
debris in their sections of space. The
United Nations, which now oversees all
matters concerning space, could distribute
space locations through a simple auction
or a system based on need and technolog-
ical capability. Once assigned, these rights
could be bought or sold. The owners of
orbits or orbital slots could also charge
other countries for their use—in much the
same way that states impose tolls on the
users of highways.

Such an approach would be inequitable:
the wealthiest nations would end up with
the most property rights in outer space.
That is one reason why Third World coun-
tries have so vigorously rejected the idea
of establishing private property in space.
They were the prime movers behind the

1967 Outer Space Treaty, which forbids
countries from appropriating any regions
in space and establishing private property.
This treaty has been ratified by 107 coun-
tries, including the Soviet Union and the
United States.

A more equitable solution, suggested by
India, would allow the United Nations to
award each country a specific number of
orbital locations. The sizes of the awards
would be based on a formula established
through international negotiations. De-
veloping countries would receive a mini-
mum number of property rights. Such an
approach would ensure that Third World
countries that could not afford to buy sec-
tions in space in a free market would not
completely forfeit their right to use it. Of
course, international policymaking bodies
such as the United Nations are heavily in-
fluenced by the Soviet Union and the Third
World, and they might be tempted to cut
inequitable political deals.

The reluctance to establish property
rights means that any nation or commer-
cial entity can pollute and overexploit any
section of space. The demand for slots for
the geosynchronous satellites—spaces that
are limited to prevent interference between
adjacent satellites—is rapidly increasing.
Nations now occupy these slots essentially
on a first-come, first-served basis. They
therefore have an incentive to acquire as
many orbital slots as quickly as possible
at the prevailing market price of zero.
Whoever gets there first can take it for
nothing. This outcome is neither efficient
nor equitable.

An approach that recognizes the value
of outer space, unambiguously defines
property rights, and permits the free ex-
change of those rights guarantees that
space resources will at least be used effi-
ciently. Through free exchange, the coun-
try that values a location the most will
eventually own it.

The task of establishing and enforcing
property rights in space will not be simple.
Different methods for defining property
rights will have to be debated, and a work-
able system of determining the number of
orbital locations each country can use
must be hammered out. Perhaps a system
of bidding or even taxation could be de-
veloped. But if the challenge of establish-
ing property rights in outer space is
pursued in a spirit of world peace and co-
operation, then the outcome will surely be
preferable to the current free-for-all in
space. []
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Should University

BY VERA KISTIAKOWSKY

SDI Funding?

Researchers Accept

HE announcement by the Strategic

Defense Initiative Organization

SDIO) that it would spend about
5 percent of its budget on university re-
search has started an intense controversy
over the merits of the campus R&D pro-
gram. Such concerns, however, are not
new. The debate over the impact of mili-
tary research on campus has become in-
creasingly heated over the past four years.
Faculty opposition at Caltech, for in-
stance, prevented the institute’s Jet Pro-
pulsion Laboratory from setting up an
army think-tank there.

Such opposition has occurred because
of the steady increase in the percentage of
federally funded R&D devoted to military
programs—from 50 percent (its level from
1970-80) to 67 percent in 1985. The
administration’s budget request for fiscal
year 1986 included an additional increase
for military research programs, bringing
the military’s share of the total R&D
budget to 72 percent.

The SDIO was established in 1984 to

VERA KISTIAKOWSKY is professor of phys-
ics at M.I.T. Her research focus is in the area
of experimental high-energy particle physics.
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carry out a program of research, devel-
opment, and demonstration of the weap-
ons technologies needed for the president’s
Star Wars defense against intercontinental
ballistic missiles. Experts in various fields
have widely criticized this defense concept,
raising questions about its technical fea-
sibility, strategic usefulness, and effect on
the arms race. A recent report by the
Congressional Office of Technology As-
sessment concludes that “a strategic de-
fense which could assure the survival of
all or nearly all U.S. cities in the face of
unconstrained Soviet nuclear offensive
forces does not appear feasible.”

The branch of the SDI program that ad-
ministers university research—the Office
of Innovative Science and Technology
SDIO/IST)—has met opposition on cam-
puses throughout the United States.
Hundreds of faculty, staff, and students at
more than 60 universities, including Cor-
nell, Princeton, University of Illinois, Cal-
tech, and M.L.T., have signed pledges not
to accept SDIO/IST funding.

The situation is not a simple one. The
proposed freeze of support for basic and
non-military applied research in the fiscal
1986 budget makes the opportunity for

SDI funding particularly compelling. So
far scientists and engineers have submitted
more than 3,000 “white papers,” or pre-
liminary research outlines, to SDIO/IST.
The university researchers who wish to
participate usually cite a variation of:
“SDI is wrong, but by taking the money
for my research, | will be putting it to good
use.” Occasionally one is told: “This is the
only remaining source of funding for my
research area.” Even less frequently one
hears: “The technologies could result in a
useful addition to our national defense, or
at least contribute positively to the U.S.
position with respect to the Soviet Union.”

There are four general reasons for op-
posing SDI funding at universities: the po-
litical implications of accepting such
funding; the possibility that the program
will lead to classification or other restric-
tions on research; the distortion of na-
tional research priorities; and the impact
of such mission-oriented research on uni-
versities. Military support of university re-
search for other purposes may also have
these effects. However, the SDIO/IST
funding is of special concern because of
the large increment of support it repre-
sents, and because so many members of
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the scientific and technical community op-
pose the SDI program.

The Politics of SDI

The political implications of universities’
accepting SDI funding have received the
most public attention. The presidents of
M.LT. and Caltech have each made strong
statements disclaiming the implication by
SDIO that accepting research grants
shows institutional support for SDI. How-
ever, it is not clear that such disclaimers
are effective. As members of SDIO have
pointed out, the universities are certainly
giving their consent and administrative
support to SDI research grants awarded
to their scientists and engineers, and to
applications for further support. Since in
all cases (except the “white papers”), grant
proposals and contracts must be signed by
amember of the university administration,
the university is involved. The university—
not just the individual research group—
receives overhead funds and provides ser-
vices for these projects.

At best, the distinction between this
kind of “support” and institutional sup-
port will appear fuzzy when the SDIO
makes its annual case for funding to Con-
gress. Active participation by the univer-
sity research community will certainly be
used as a sign of support for SDI.

Under the Reagan administration, the
question of classification and other restric-
tions on research has become a thorny
problem for the many universities with a
tradition of open research. The issue is not
an academic matter: the free exchange of
ideas and information is one of the major
sources of our country’s great strength in
research.

SDI funding is in a specific R&D cate-
gory that is normally classified because it
is used for weapons systems. However, a
memo issued by the SDIO in August, and
a White House policy statement made in
September, both state that SDI university
research will be treated as basic research
and will not necessarily be classified.
Nevertheless, neither document rules out
the possibility that the research will ulti-
mately be classified or subject to any other
restrictions.

SDIO/IST officials also suggest that pro-
fessors in charge of SDI research, and pos-
sibly even some graduate students, may
have to obtain security clearances. This
will give them access to all relevant sources

Funding
for SDI could
distort national
research priorities,
lead to classified research
on campus, and even
threaten academic
freedom.

of information, including studies from in-
dustrial and government laboratories
doing classified research. Such a require-
ment, of course, could prevent foreign stu-
dents—who at M.L.T., for example, make
up about one-third of the graduate student
body—from participating.

SDI research will be carried out pri-
marily by consortia of universities and in-
dustrial and government laboratories. So
how can research done on university cam-
puses be separated from what is carried
out elsewhere in order to keep it
unclassified?

SDIO officials have themselves com-
mented that it may become necessary to
later classify initially unclassified research.
They maintain that such research could be
transferred to another facility if the uni-
versity does not accept the change. How-
ever, this raises the concern that university
research programs established with SDIO/
IST funding may be abruptly terminated,
leaving graduate students stranded in mid-
thesis. Ultimately, universities may be
forced to choose between accepting class-
ified research and losing substantial funds.

Furthermore, the Reagan administra-
tion has dramatically increased the num-
ber of research fields considered militarily
sensitive. Participation and publication in
these fields is subject to restrictions under
the Export Control Act, the Freedom of
Information Act, and various administra-
tive orders. So even if the research is un-
classified, the SDIO may impose
restrictions on who can participate and on
what may be published in the open liter-
ature and discussed at open meetings. The
Department of Defense (DOD) has al-
ready imposed such restrictions in a num-

ber of cases. At the last minute, for
instance, the DOD did not allow scientists
to present 43 of the papers submitted to
the March 1985 meeting of the Society of
Photo-Optical Engineers in open sessions.

Distorting Academic Priorities

SDI funding could cause lasting damage
to the health of U.S. science and technol-
ogy by distorting research priorities. The
increasing percentage of R&D devoted to
the military has already altered the profile
of U.S. research.

The description of the SDIO/IST handed
out to university representatives last
March contains a clear statement of its
purpose: ‘““Mount a mission-oriented,
basic research program that drives the cut-
ting edge of the nation’s science and en-
gineering effort in a direction that
supports existing SDI technological de-
velopment thrusts and points the way for
future new initiatives.”

There is no pretense here that the SDI
program supports free basic research car-
ried out by independent researchers. This
is intended to be a highly structured pro-
gram with funding for only 17 narrow re-
search areas. And the funding for small
independent research groups will be short-
term. Among the areas targeted are ad-
vanced electronic systems, advanced elec-
trochemical power sources, laser satellite
networking, optical sensors, ultra-short-
wavelength lasers, space science and tech-
nology, and ultra-high-speed computing.

Research proposals will be judged on
how well they fit into these areas, and only
secondarily on scientific merit, The result
will be funding quite out of proportion to
the scientific community’s interest in such
projects, in terms of both basic research
and non-military applications. Many peo-
ple cite the possibility of “spinoffs™ to ci-
vilian technologies as a reason to support
SDI, but it is not necessary to do research
on a 5-megawatt laser to develop a laser
suitable for brain surgery. A civilian
agency could directly fund research on the
surgical laser for a minute fraction of the
cost of the 5-megawatt laser.

Because of these funding priorities,
many more of the next generation of sci-
entists and engineers will receive their de-
grees in these narrow fields. This will
produce a disturbing long-term change in
the nation’s research priorities.
Continued on page 17
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Artificial Intelligence:

Summary:

GTE research in Artificial Intel-
ligence has produced exciting
results in several areas of knowl-
edge-based systems. In addition,
research is under way to teach

computers to learn by them-
selves, much as humans do.

It’s extremely tedious and difficult to
teach a computer to respond to spe-
cific problems in an intelligent way.

Despite this, GTE has created several
workable systems, which are in the
field now.

But training a computer to respond
to analogous or unexpected situations
—teaching it to learn—is a very differ-
ent challenge. And this is one of our
long-range programs in Al research.

The ultimate brain-picking.

The Expert-Systems version of Al
is literally the result of programming
the experiences of experts into a com-
puter.

Which of these questions is easier for a computer to answer?

The apparently simple greeting is loaded with semantic traps. On the other hand,

Once these human reasoning proc-
esses have been codified, the com-
puter has the
information it needs
to mimic the experts’
responses to an
immense variety of
problems.
COMPASS (Cen-
tral Office Maintenance Printout
Analysis and Suggestion System) is an
Expert System we devised for tele-
communications. It is being phased
into field use to monitor switch per-

the complex question relating to traffic redirection can be tackled by Expert Systems.

e e

. How do you do?

2. How can we

redirect tratfic
around the Denver

congesfion?.




reality and promise.

formance, diagnose problems and rec- Intelligence. For any of these, you are
ommend corrective actions in large invited to write to GTE Marketing
communications networks. Services Center, Department Al, 70 : I A M
Empire Drive, West Seneca, NY :
Sglyhhelllg t"t.FleB(P; " 4  14224.0rcall 1-800-828-7280 (in LEARNING
e A O R e B New York State 1-800-462-1075).
their integration in a large informa-
tion system is increasing computer Pertinent Papers
uses. Increasing user friendliness is “COMPASS: An Expert System for
becoming all the more necessary for Telephone Switch Maintenance,” S.K.
computers to be used by less skilled Goyal, D.S. Prerau, A.V. Lemmon, A.S.
operators. Gunderson and R.E. Reinke, Expert
GTE has developed FRED (Front Systems: The International Journal of

End for Databases), which enables Knowledge Engineering, Vol. 2, No. 3, -
? g August 1985. pp 112-126. V==, .

operators to frame information

requests from multiple databases, in “Selection of an Appropriate Domain ||

plain English. FRED untangles the for an Experr System,” D.S. Prerau, Al
request, breaks it into segments the Magazine, Vol. 4, No. 2, Summer
computer understands—and provides £985; o 9090,

the data, in plain English. “A Natural Language Interface for

For its next evolution, we are teach- Medical Information Retrieval)’ G.
ing FRED to approach several data- Jakobson, C. LaFond, E. Nyberg and V.
bases at once (rather than one at a g"‘aked' T’"’g AAS"” 1 -ﬁ”"‘l ,Iva:f""a{

. : ongress on Computer cations in
time), and put all relevant data into a 9% d‘fc’.ne' May 1 92 e San”;_’r w1
single reply. California. pp 405-409.

The nature Of thought° Computer Experience and Cognitive

Another of our Al research direc- Development, R.W. Lawler. Ellis
tions is basic, long-range research into Horwood Limited, Chichester, UK.
ways of teaching computers to learn (1985). (Summary of book.)
for ther,nselves' through experience “The Learning of World Models by
and/or inference. Connectionist Networks,” R.S. Sutton

This involves research into such an and B. Pinette. Proceedings of the
area as the way children learn, as well Seventh Annual Conference on
as deep studies into the nature of deci- Cognitive Science Society, 54 (August
sion-making itself. 1985).

Much remains to be discovered, of “Training and Tracking in Robotics,”
course—but the promise of true O.G. Selfridge, R.S. Sutton, A.G. Barto.
machine learning is perhaps the most Proceedings of the Ninth International
exciting in the entire computer field. Joint Conference on Artificial

The outcome of these projects— Intelligence, 670 (August 1985).
some near-term, some more in the

future—will be to make the computer
a far more useful and friendly tool for
an immense variety of industrial and

human problems.
The box lists some of the pertinent
papers GTE personnel have pub-

lished on various aspects of Artificial



BOOKS AND COMMENT

Technological Utopians, and the Social
Effects of Television

Technological Dream
Worlds

Technological Utopianism in
American Culture

by Howard Segal

University of Chicago Press, $14.95

Reviewed by Rosalind Williams

Start this book with the illustrations. You
will see a skyscraper-on-its-side—a dou-
ble-decker concrete snake that slithers
over hill and dale and disappears over the
horizon. The “New Utopia schoolhouse,”
high on a tree-studded hillside, looks like
a gigantic light bulb in a hexagonal socket.
The “new era model city,” composed of
239 concentric circles, including a factory
circle and a hotel circle, orbits a three-
tiered central building that resembles a
wedding cake. And the spired and domed
town mansion of “‘Reciprocity”’—per-
fectly symmetrical and devoted to some
ill-defined public use—looks like a Roman
basilica plunked down in rural Ohio. The
only human figure you will see among
these images, other than the antlike dots
crawling below vast housing projects, is
the heroic demigod “Man Corporate,” in-
congruously boasting a handlebar mous-
tache and a fringed sarong. He strikes a
Roman pose of muscle-bound meditation
while gazing at a small globe, pondering
how ‘“he will penetrate the confines of
space, and make it deliver up its secrets
and power.”

Howard Segal’s Technological Uto-
pianism in American Culture is a thought-
provoking study of the 25 men who gen-
erated these and similar images. Only two
of the visionaries are reasonably familiar:
Edward Bellamy, the reclusive Massachu-
setts journalist who wrote the phenome-
nally successful book Looking Backward,
and King Camp Gillette, inventor and
marketer of the safety razor. These uto-
pians were romantic engineers who laid
out dream worlds with compass and
straight-edge, and whose ruling passions
were efficiency and planning. Living from
the 1880s to 1930s, they shared a fasci-
nation with the technological innovations
that cascaded from the second industrial
revolution.

Corporate capitalism was displacing en-
trepreneurial capitalism in this late-nine-
teenth-century epoch. The technological
utopians resembled proponents of other
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reform movements of the period, includ-
ing supporters of drives for scientific man-
agement of homes and factories and other
forms of social engineering. Although

’

“Man Corporate” would eventually
emerge in a business suit rather than a
sarong, both the technological utopians
and their more conventional mainstream
counterparts preached the same gospel:
“Let’s get organized.” Organization was
the master key that would unlock the po-
tential—and solve the problems—of rapid
technological change.

Technological Lunacy

Segal began his book as a dissertation, and
its imposing academic apparatus—a chap-
ter of definitions, a long bibliography, and
copious notes—will delight scholars but
may intimidate others. However, the pro-
verbial general reader should not be put
off, for Segal articulates an important and
timely theme: he shows how attempts to
create technological rationality can mu-
tate into a kind of lunacy.

The 25 technological utopians were not
like Captain Ahab of Moby Dick, hitching
rational means to a mad end. Instead, their
irrationality was to believe that techno-
logical progress would magically generate
social progress, and to ignore past evi-
dence of human fallibility. These vision-
aries assumed that if society provided tidy
apartments, “on-time” or “‘reliable” sub-
ways, and clean parks for all its citizens,
then everyone would be content, selfless,

and reasonable. If society built a city of
239 concentric circles with a public build-
ing in the middle, as one utopian assumed,
then human aspirations would similarly
become focused and centered.

Although by no means mainstream so-
cialists, the technological utopians implic-
itly criticized the individualistic, com-
petitive ethic of American capitalism. In
their view, pursuit of self-interest led not
to the progress of humankind but to “the
human drift,” as Gillette put it in the title
of one of his books. The utopians’ favorite
image was of an “industrial army” of
highly organized and motivated workers
selflessly serving a higher cause. The high
degree of planning would, in Segal’s
words, “produce not a sense of faceless
impersonality but, on the contrary, a sense
of community.” Effective social organi-
zation would not magically arise from the
sleight of an “invisible hand,” but only
from a conscious search for the common
good. If alive today, the technological uto-
pians would probably be fans of Japanese-
style cooperative capitalism.

More traditional utopians have tried to
foster social cohesion by setting up small,
static communities resembling walled me-
dieval towns or country villages, and Segal
describes such efforts. For example, in
1824 Robert Owen established a model
community at New Harmony, Ind., based
on an ideal of 300 to 2,000 people. Ow-
en’s contemporary Charles Fourier sug-
gested 1,600 inhabitants in his utopian
“phalanstay.” The technological utopians,
by contrast, envisioned much more gan-
gling, complex social units. According to
Segal, these dreamers sought to “‘carefully
integrate urban, suburban, and farm land
in their schemes,” which were composed
of “countless interlocking and hierarchical
local, regional, and national units.” One
technological utopian aptly labeled his
dream of the future “a cityless and a coun-
tryless world.” This ideal “middle land-
scape’” combined clean, small-scale,
scattered industries with gardens of inten-
sive agriculture, all bound together